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Introduction

Treatment of respiratory tract infections (RTI) is the lead-
ing indication for the use of antimicrobial agents in the
USA, accounting for approximately half of ambulatory and
one-third of hospital prescriptions for anti-infective drugs.1

In the outpatient setting, direct treatment costs of upper
and lower RTI are estimated to exceed US$10 billion 
annually.1

Lower respiratory tract infection (LRTI) is an umbrella
term for several clinical entities, including acute bronchitis,
chronic bronchitis with secondary infection, bronchiolitis,
pneumonia and lung abscess. Chronic bronchitis is a con-
dition characterized by a cough and excessive secretion of

mucus in the tracheobronchial tree. This condition may be
diagnosed when a patient reports production of sputum on
most days during at least three consecutive months for
more than two successive years.2 Chronic bronchitis typi-
cally develops insidiously over many years, and many who
suffer from it are subject to periodic attacks of obstructed
breathing, when the airways become inflamed and clogged
with mucus, often in response to environmental stimuli.
Patients with chronic bronchitis encompass a hetero-
geneous population in which a broad spectrum of underly-
ing lung disease results in differing responses to therapy.

Most patients with chronic bronchitis have varying
degrees of underlying fixed or mixed/reversible airflow
obstruction. Most of these patients, therefore, have chronic
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obstructive pulmonary disease (COPD), which is charac-
terized by abnormal tests of expiratory flow that do not
change markedly over periods of several months’ observa-
tion.2 Acute exacerbations of chronic bronchitis (AECB)
are characterized by an increase in cough, a change in the
purulence or volume of sputum, or worsening dyspnoea. In
patients with AECB, symptoms may worsen due to a bac-
terial superinfection, a condition termed acute bacterial
exacerbations of chronic bronchitis (ABECB). However,
as discussed below, no definitive clinical criteria exist to 
distinguish ABECB from non-bacterial exacerbations of
chronic bronchitis.

Epidemiology

Chronic bronchitis has been estimated to affect up to 13
million individuals or approximately 4–6% of adults in the
USA.2 Acute episodes are estimated to account for approx-
imately 12 million physician visits each year and to have an
annual economic impact of US$200–300 million.3 Chronic
bronchitis affects more men than women; however, the
prevalence in women is increasing in parallel with their
increased rates of smoking over the last several decades.
Indeed, smoking is recognized to be the major factor that
causes chronic bronchitis (up to 80% of patients with
COPD either smoke or have smoked). Other risk factors
include air pollution, occupational exposure, genetic dis-
orders (such as a-1-antitrypsin deficiency) and childhood
infections.2

Although the onset phase of chronic bronchitis occurs
insidiously over many years in most patients, once sig-
nificant respiratory obstruction develops, the prognosis is
poor. Chronic bronchitis and other forms of COPD have
been ranked as the fifth leading cause of death in the USA
and the second leading cause of work disability.4

Longitudinal studies have estimated that one to four
exacerbations occur each year in patients with chronic
bronchitis.5 Reflecting the incidence of exacerbations, un-
specified bronchitis was the third leading diagnosis for
which oral antimicrobial agents were prescribed in 1992.6

Despite treatment, RTI remain the commonest identifiable
cause of death for patients with COPD. Whether acute
infectious episodes cause an accelerated loss of lung 
function in all patients with chronic bronchitis or only in
selected patients remains controversial.

Pathogenesis

Various hereditary conditions (e.g. a-1-antitrypsin defi-
ciency) and several acquired conditions (e.g. viral infection
and cigarette smoking) are associated with pathological
changes that predispose to secondary bacterial infections
of the bronchi.7 These changes compromise natural
defences of the respiratory tract due to alterations in the

structure and/or function of the airways and the immune
system of the lung.

Inflammation of the central airways is a consistent 
feature of chronic bronchitis and appears to be partly
responsible for the slow deterioration in respiratory func-
tion that accompanies the condition.7 Although not clearly
understood, the pathology of chronic bronchitis includes
infiltration of the airway wall by inflammatory mono-
nuclear cells and an influx of neutrophils into the airway
lumen. Recruitment of inflammatory cells is thought to
involve chemotactic agents which are derived from tissue
fluid and invading microorganisms and/or generated by the
diseased bronchial epithelium.8 Interleukin-8 and other
chemoattractants responsible for the neutrophil influx in
chronic bronchitis may be produced by epithelial cells and
alveolar macrophages in response to inhaled irritants or
bacterial products (Figure 1).9,10

As neutrophils engulf bacteria or detoxify foreign 
material, they leak oxidative and hydrolytic enzymes, 
particularly serine proteinases. In the normal lung, anti-
proteinases, such as a-1-antitryspin, neutralize these pro-
teinase enzymes. With chronic inflammation, the amount
of proteinase enzymes leaked by large numbers of 
neutrophils may overwhelm the ability of antiproteinases
to neutralize them.7 The free proteinase enzymes, which
remain in purulent sputum overlying the respiratory
mucosa, can damage the respiratory epithelium. Further-
more, cough and mucus production are mediated through
numerous pathways in which neuropeptides are thought to
play important roles in signal transduction.9 Alterations in
the enzymatic degradation of these peptides by the free
proteinase enzymes has been associated with mucosal and
airway hyper-reactivity.

The major histological findings in patients with chronic
bronchitis are hyperplasia and hypertrophy of mucus-
secreting glands. Excess mucus production, compounded
by a less efficient cough mechanism and loss of normal 
ciliary function secondary to airway injury, leads to persist-
ence of organisms within the airways and subsequent 
infection.7 As cigarette smoking is associated with an
increased permeability of the airway epithelium,11 micro-
organisms are provided a portal of entry into the pul-
monary interstitium and parenchyma. In addition, smoking
has been implicated in alterations of macrophage and 
T-lymphocyte populations in the lung,12 thereby further
contributing to the increased susceptibility to bacterial
infections.

In summary, the presence of bacteria in the airways 
can amplify airway mucosal inflammation, which may be
explained by the ‘vicious circle hypothesis’ (Figure 1).7 The
release of microbial products leads to recruitment of 
neutrophils and other inflammatory cells which release 
oxidant and proteolytic enzymes capable of causing acute
and chronic lung injury.10 Thus, as injury to the airway
architecture predisposes to future infections, a vicious 
circle of infection, inflammation, injury and subsequent
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infection ensues.7 Current data indicate that infection per
se is probably not a significant factor in the early stages of
chronic bronchitis; however, infections become increas-
ingly common with disease progression and may contribute
to the underlying inflammatory process.

Bacterial exacerbations

The tracheobronchial tree is normally a sterile environ-
ment. In patients with chronic bronchitis, however, the air-
ways are commonly colonized with organisms that form
part of the commensal flora of the upper respiratory tract
(Table I). Of these organisms, non-typeable Haemophilus

influenzae, Streptococcus pneumoniae and Moraxella catar -
rhalis are estimated to account for 70% of all episodes of
AECB and 85–95% of ABECB.5 Other Gram-negative
bacteria, Staphylococcus aureus and Pseudomonas spp. are
recovered less commonly from bronchial secretions of
patients with ABECB. Although isolated frequently dur-
ing infective exacerbations, H. influenzaeand pneumococci
colonize the sputum of patients with chronic bronchitis
even after clinically effective therapy for acute bacterial
episodes.5

H. influenzae is the most commonly isolated pathogen in
ABECB and is usually found twice as often as S. pneumo -
niae.5 The non-typeable strain elaborates immunoglobulin
A-protease, which may allow the organism to adhere to the
epithelium and chronically colonize the airway.13 Studies
involving strain typing have found that episodes of
ABECB coincide with endogenous or exogenous reinfec-
tion by H. influenzae, with persistently infected patients
keeping the same strains for longer periods despite anti-
biotic therapy.14 Depending on geographical location, up to
38% of H. influenzae isolated produce â-lactamase, which
is largely responsible for its rising rates of antimicrobial
resistance (Table II).15 Less commonly, â-lactam-resistant
strains result from a chromosomally-mediated alteration 
in penicillin-binding proteins.16 In addition, a recently 
isolated phenotype of a â-lactamase-producing strain of 
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Figure 1. Schematic representation of the ‘vicious circle hypo-
thesis’ as it relates to interaction between bronchial epithelial
cells and bacterial products in the amplification of neutrophil-
induced epithelial damage.

Table I. Common causes of acute exacerbations of
chronic bronchitis (modified from references 5 and 7)

Bacteria
non-typeable H. influenzae
M. catarrhalis
S. pneumoniae
Haemophilus parainfluenzaea

P. aeruginosa
S. aureus
opportunistic Gram-negative organisms

Atypical pathogens
M. pneumoniae
C. pneumoniae (TWAR)

Viruses
rhinoviruses
influenza A virus
influenza B virus
parainfluenza virus
coronavirus
herpes simplex virus
respiratory syncytial virus
adenovirus

a Frequently isolated from sputum during exacerbations, although its
pathogenic significance is unclear.
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H. influenzae that is resistant to amoxycillin/clavulanate
has been reported, although the exact mechanism of resis-
tance is unknown.15

A normal inhabitant of the upper respiratory tract, 
S. pneumoniae is found in 15–50% of adults, with carrier
rates commonly higher in the winter months.5 Although
significant geographical variation has been documented,
penicillin-resistant strains of S. pneumoniae are emerging
worldwide, with a rate of 24% in a recently reported study
from the USA.17

M. catarrhalis, another normal inhabitant of the oro-
pharynx, has been increasingly recognized to play a role 
in bronchopulmonary infections, both alone and in com-
bination with other pathogens.5 The majority of M.
catarrhalis isolates (.95%) produce chromosomally-
mediated â-lactamase, which in addition to conferring
antimicrobial resistance, may protect isolates of pneumo-
cocci or H. influenzae that would otherwise be sensitive to
penicillins.18

Pseudomonas aeruginosa, an aerobic Gram-negative
bacillus which is usually associated with nosocomial LRTI,
may cause community-acquired ABECB.5 P. aeruginosa
contains a chromosomally-mediated â-lactamase capable
of inactivating broad-spectrum cephalosporins, as well as a
plasmid-mediated â-lactamase that confers resistance to
ampicillin and other antimicrobials.

Nonbacterial exacerbations

Viruses are estimated to precipitate exacerbations of
chronic bronchitis in approximately 30% of cases.5

Furthermore, several of the bacterial exacerbations are
secondary to infections caused by these pathogens. The
most commonly detected virus in AECB is rhinovirus
(Table I). Mycoplasma pneumoniae, the commonest atypi-
cal pathogen causing pulmonary infections, is estimated 
to precipitate between 1% and 10% of acute bronchial
exacerbations.5 Chlamydia pneumoniae, an important pre-
cipitant in acute bronchitis, has also been implicated as a
pathogen in AECB with an incidence of 4–5%.19

Diagnosis

The diagnosis of AECB is based primarily on a patient’s
self-reported symptoms supported by a clinical assessment.
The cardinal symptoms of an acute exacerbation are
increasing dyspnoea, sputum volume and sputum puru-
lence.20 Other symptoms include increased cough, change
in sputum consistency, fever and chest congestion.

Upon physical examination of the patient with AECB,
râles and expiratory rhonchi are commonly observed.
Cough and wheezing may be induced by forced expiration.
Spirometry or peak flow measurement, when used, often
shows an obstructive airflow pattern.

Chest X-rays of patients with ABECB may be normal 
or may reveal increased bronchovascular markings. There-
fore, routine chest X-rays generally need not be obtained,
although they are commonly used to rule out pneumonia.
Chest X-rays are recommended for patients with fever,
leucocytosis, focal abnormalities upon chest examination
and a history of chronic conditions such as angina or 
congestive heart failure. Additionally, arterial blood gas
measurement may be indicated in select cases of AECB 
in patients with baseline severe airway obstruction and 
limited respiratory reserve.2

In cases of AECB, sputum obtained from Gram’s strain
and culture can guide therapy if a single, dominant 
organism is identified. Properly performed, Gram’s strain
analysis can reveal a predominance of Gram-negative
bacilli (.12 organisms per oil-immersion field) consistent
with Haemophilus spp., Gram-negative diplococci (.18
organisms per oil-immersion field) consistent with Morax -
ella spp. or Gram-positive diplococci (.8 organisms per
oil-immersion field) indicative of S. pneumoniae, thus 
narrowing the search for likely pathogens and aiding 
in appropriate antibiotic selection.7,21 However, most 
diagnostic laboratories do not perform such detailed 
quantitative Gram’s strains.

Bacteriological investigations in bronchial infections
may be fraught with difficulties. Cross-contamination of
bronchial secretions with inhabitants of the upper respira-
tory tract is common. Moreover, chronic colonization of
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Table II. Rates of resistance to selected oral antibiotics among clinical
isolates of H. influenzae (modified from references 15, 17 and 23)

None ,1% 1–5% Common

quinolones cefuroxime cefaclor erythromycin
cefpodoxime cefprozil cephalexin
cefixime loracarbef cefadroxil
ceftriaxone tetracycline amoxycillin
azithromycin co-amoxiclav
clarithromycin co-trimoxazole

chloramphenicol
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the lower respiratory tract can also confound aetiological
diagnosis using culture techniques as the bacterium 
isolated may simply be a ‘bystander’. Therefore, many
advocate initiating empirical antibiotic therapy of AECB
without bacteriological evaluation in less severe cases.7

In general, a microbiological diagnosis is indicated if 
primary antimicrobial therapy has failed, if acute episodes
occur at intervals of ,2 months, if an episode of AECB
occurs during prophylactic antimicrobial therapy or if 
the patient has frequently failed to respond to antibiotic
therapy.22

Management of bacterial exacerbations

Various strategies are employed in the management of
chronic bronchitis (Table III).5 For patients with chronic
bronchitis who smoke, cessation is critical because it can
alter disease progression.

Antibiotic therapy can be used to prevent or treat
AECB. For patients who have multiple (more than four)
disabling exacerbations each year, continuous daily anti-
biotic prophylaxis against future exacerbations or seasonal
prophylaxis during the winter months is warranted.
Patients with moderate or severe symptoms of increased
cough and sputum production, increased sputum purulence
and dyspnoea should be given antibiotic therapy to shorten
the duration of symptoms and to reduce the likelihood 
of acute deterioration of respiratory status and the need 
for hospitalization.5 In patients with co-existing systemic
illnesses (such as congestive heart failure) or who have
extremely limited respiratory reserve (FEV1 , 50%), an
acute exacerbation may lead to rapid deterioration. These
patients (complicated chronic bronchitics) are strong 
candidates for aggressive antibiotic therapy.20

Most classes of antibiotics have been formally studied,
and many have been reported to be effective monotherapy
for AECB. The optimal selection may be based on an
agent’s spectrum of activity, side-effect profile, potential
drug interactions and cost.5 Chemotherapy for AECB
should be started at the early stage of an acute exacer-
bation,20 and typically continued for 7–10 days. The effects
of treatment may be evaluated within 3–5 days and appro-
priate changes instituted if the response is unsatisfactory.21

Most patients do not require hospital admission or par-
enteral therapy unless there is concern about a severe 
exacerbation and increasing risk of respiratory failure.

Guidelines for appropriate antimicrobial therapy for
AECB are still evolving. Unsatisfactory results of routine
antibiotic therapy have been attributed to lack of in-vitro
activity, treatment of non-infective or viral exacerbations,
the development of antibiotic resistance, pharmacokinetic
inadequacies and individual patient factors.5 Thus, the 
prudent use and optimal selection of antibiotic for AECB
may require attention to each of these factors.

Antibiotic resistance

Emerging patterns of resistance are influencing strategies
for the treatment of LRTI, and broad recommendations
for standard agents can no longer be justified.5 Ampicillin
resistance has been increasingly observed among isolates
of non-typeable H. influenzae during the past decade. Most
of these strains produce â-lactamase; by the year 2000,
45–50% of isolates in the USA are predicted to be pro-
ducing this enzyme.23 In addition, a small (but increasing)
number of non-â-lactamase-mediated, ampicillin-resistant
strains of H. influenzae have been identified (implying
resistance to â-lactam/â-lactamase inhibitor combina-
tions), as have strains resistant to chloramphenicol, tetra-
cyclines and trimethoprim.16 Fortunately, many strains of
H. influenzae and M. catarrhalis remain susceptible to 
several oral antibiotics, including the fluoroquinolones,
second- and third-generation cephalosporins, and the
newer macrolides.23

Penicillin resistance among isolates of S. pneumoniae,
which has increased at a steady rate, is expected to reach
40–50% in the USA within the next 10 years. Half of these
pneumococcal strains will exhibit high levels of resistance,
even to non-â-lactam antimicrobials.23 Indeed, resistance
to other commonly used antibiotics, such as erythromycin,
tetracylines and co-trimoxazole, is more commonly found
in penicillin-resistant than penicillin-susceptible strains of
S. pneumoniae.16 Worldwide experience suggests that
pneumococcal resistance to alternative agents will increase
significantly in the coming years.23 Studies using macrolide
and fluoroquinolone antibiotics against S. pneumoniae
have demonstrated promising activity. Pneumococcal
resistance to multiple antibiotics has been shown not to
affect the organism’s susceptibility to fluoroquinolones
with in-vitro anti-pneumococcal activity.24
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Table III. Treatment strategies in patients with chronic
bronchitis

Smoking cessation
Bronchodilators

anticholinergics
â2-agonists
theophylline

Oxygen therapy
Corticosteroids
Antibiotics
Preventive therapy (immunizations, e.g. pneumococcal 

and influenza)
Pulmonary rehabilitation
Mechanical ventilation for respiratory failure
Mucolytics/antitussives (limited efficacy)
Anxiolytics
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Pharmacokinetic parameters

Various antibiotic classes exhibit markedly different
degrees of penetration into the tissues and secretions of the
respiratory tract. Although the exact relationship has not
been clearly defined, both sputum and bronchial mucosa
concentrations of antibiotics are thought to be predictive of
clinical efficacy. Compared with simultaneous serum con-
centrations, concentrations of â-lactams are 25–55% in
bronchial mucosa and 5–25% in the sputum.5 In contrast,
the quinolones are concentrated in respiratory secretions
and bronchial mucosa, with tissue:plasma ratios of about
1:1 and 2:1, respectively.5 Figure 2 shows the ratios of
antibiotic concentrations in the bronchial mucosa to the
MIC90 (mg/L) for H. influenzae and S. pneumoniae. For 
H. influenzae the concentration of ciprofloxacin in the
bronchial mucosa is 25 times the MIC90, while for S. pneu -
moniae the ratio is only 2:1. When compared with other
antibiotics, ciprofloxacin has one of the highest ratios for 
H. influenzae but is at the lower end for S. pneumoniae.

Classes of antibiotics

First-line agents

Traditionally, broad-spectrum agents, such as amoxycillin,
ampicillin, tetracyline, doxycycline and co-trimoxazole,
have been used to manage AECB. However, not all of
these drugs are effective against the common bacterial
pathogens, and emerging patterns of antimicrobial resis-
tance may lessen their role in the management of AECB.5

The aminopenillins (ampicillin and amoxycillin) were 
formerly standard treatment for the management of
ABECB, but their utility is limited by the emergence of
resistance among the common respiratory pathogens.
Although the combination of an aminopenicillin and a 
â-lactamase inhibitor has broadened the spectrum against â-
lactamase-producing strains of staphylococci, H. influ e n z a e
and M. catarrhalis, additional enzymes which are resistant to
these inhibitors pose continuing therapeutic challenges.2 5

Cephalosporins have demonstrated clinical efficacy and
tolerability that compare well with or surpass those of the
standard aminopenicillins with or without a â-lactamase
inhibitor.22 Cefaclor has variable activity against H. influ -
enzae (Table II) and marginal activity against M. catar -
rhalis due to â-lactamase production.23 Newer agents, such
as cefprozil and loracarbef, have improved â-lactamase 
stability but at a higher cost. None of the oral cephalo-
sporins has useful activity against P. aeruginosa.26

Furthermore, these agents are not effective against most 
pneumococcal isolates with high-level resistance to peni-
cillin.

The â-lactam antibiotics are usually well tolerated. The
commonest side-effects associated with the penicillins, 
and less so with the cephalosporins, are hypersensitivity
reactions, which range from skin rashes to life-threatening
anaphylactic reactions.27 The â-lactams are associated with
a relatively low incidence of gastrointestinal (GI), haemat-
ological and dermatological adverse effects; like other
broad-spectrum agents, these drugs are associated with
Clostridium difficile diarrhoea and an increased risk of
superinfection with yeasts and fungi. Relatively few drug
interactions have been reported with the â-lactams.
Although some of the newer agents offer the advantage of
once-daily dosing, most of the â-lactams have relatively
short half-lives and must be administered more frequently.

Macrolides

Available macrolides include erythromycin, the standard
of the class, as well as the more recently developed agents
such as clarithromycin and azithromycin. Compared with
the parent compound, the newer agents offer a greater
spectrum of efficacy, improved tolerability and more
favourable pharmacokinetic profiles.28 The macrolides
provide coverage for atypical and common respiratory
pathogens, including M. catarrhalis and â-lactamase-
producing organisms, as well as many Gram-positive
organisms, such as staphylococci and streptococci. How-
ever, notable variation in activity has been observed among
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Figure 2. Ratios of antibiotic concentrations in the bronchial mucosa to the MIC90 (mg/L) for (a) H. influenzae and (b) S. pneumoniae.
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the individual agents in this class. Erythromycin has little
activity against most strains of H. influenzae. Clarithro-
mycin is more potent against streptococci and staphylo-
cocci, yet has only modest activity against H. influenzae,
although its main metabolite has in-vitro activity against
this pathogen.29 In comparison, azithromycin is more active
against H. influenzae, but less active against streptococci
and staphylococci.30

Emerging resistance to the macrolides has been increas-
ingly reported in recent years. Complete cross-resistance
may be assumed among the macrolides for Gram-positive
organisms, including S. aureus and pneumococci. Strains 
of pneumococci and streptococci that are resistant to
erythromycin are also often resistant to other common
agents, such as penicillins, due to associated resistance
mechanisms.15 If the phenomenon of multi-resistance
becomes clinically appreciable, the empirical use of
macrolides for RTI will be limited.

Erythromycin is associated with a significant incidence 
of adverse effects, which primarily affect the GI tract.31

Rarely reported adverse effects associated with erythro-
mycin include allergic reactions, cholestatic hepatitis, tran-
sient hearing loss, taste perversion and the ventricular
arrhythmia, torsades de pointes. Compared with erythro-
mycin, the newer oral macrolides are associated with a
slightly lower incidence of GI side-effects and typically
have fewer drug interactions. In addition, the half-lives of
the newer macrolides are longer than that of erythromycin,
resulting in less frequent dosing schedules.

Fluoroquinolones

The fluoroquinolones, such as ciprofloxacin and ofloxacin,
exhibit a broad spectrum of activity that includes most
pathogens causing AECB, including strains of M. catar -
rhalis and H. influenzae that produce â-lactamase.32 Cipro-
floxacin and ofloxacin are relatively less active against 
S. pneumoniae, and lomefloxacin lacks clinically relevant
activity against this pathogen.7 Recently developed fluoro-
quinolones, such as levofloxacin and trovafloxacin, have
demonstrated greater in-vitro activity against Gram-
positive respiratory pathogens (i.e. S. pneumoniae and 
S. aureus) than currently available agents in this class;33

however, the clinical relevance of these data has yet to be
confirmed. Ciprofloxacin and ofloxacin also have activity
against the atypical respiratory pathogens, including M.
pneumoniae, Legionella pneumophila and C. pneumoniae.

Fluoroquinolones are concentrated intracellularly in
most tissues, including the bronchial mucosa, which may
enhance their effectiveness against pathogens with inter-
mediate susceptibility.34 These agents have a bioavailabil-
ity of 70–95% after oral administration, low serum protein
binding (10–30%), and other properties which allow the
major fraction of drug to diffuse freely to the extravascular
space.28

Ciprofloxacin is the most active fluoroquinolone against

Gram-negative organisms, including H. influenzae, M.
catarrhalis and P. aeruginosa.34 To assess the activity of
ciprofloxacin against common respiratory pathogens more
accurately, a review of 37 published studies using cipro-
floxacin in more than 3274 patients with LRTI, supple-
mented with previously unpublished information from
clinical trial databases, reported an overall bacteriological
eradication rate of 93.4%.35 This same analysis found
ciprofloxacin eradication rates of 96.2%, 94.6% and 86.1%
for H. influenzae, M. catarrhalis and S. pneumoniae, respec-
tively.

The bacteriological and clinical efficacy of ciprofloxacin
in AECB has been documented in numerous published
studies and unpublished data from clinical trials.35 In com-
parative studies involving over 50 evaluable patients with
AECB, oral ciprofloxacin has been shown to be at least 
as effective as co-trimoxazole,36 amoxycillin (with37 and
without38 clavulanic acid), ceftibuten,39 cefixime,38 cefur-
oxime axetil40 and cefaclor.41 Clinical response rates were
slightly higher than those for amoxycillin (92% vs 73%)
and cefaclor (92% vs 76%), which may reflect resistance 
to â-lactam antibiotics due to the increased prevalence 
of â-lactamase-producing strains of H. influenzae and 
M. catarrhalis.

A recent randomized prospective study of 376 patients
with ABECB found treatment with ciprofloxacin (500 mg
bd) to be associated with a slightly longer infection-free
interval and a statistically significantly superior bacteri-
ological eradication rate than clarithromycin (500 mg bd).42

In evaluable ciprofloxacin- and clarithromycin-treated
patients, clinical success was documented in 90% and 82%
of patients, respectively. Bacteriological eradication was
reported in 91% and 77%, respectively (P 5 0.01; 95% CI
5 0.028, 0.242). In a comparably designed study of 208
evaluable patients with AECB, ciprofloxacin (500 mg bd)
achieved a significantly superior overall bacteriological
eradication rate (96% vs 82%, P , 0.01; 95% CI 5 0.046,
0.215) compared with cefuroxime axetil (500 mg bd),
including superior eradication of isolates of H. influenzae
(100% vs 86%).40

In a recent multicentre, community-based study by over
300 primary care physicians in the USA, the efficacy and
safety of ciprofloxacin (750 mg bd) and clarithromycin (500
mg bd) were compared among patients with complicated
bacterial AECB.43 An interim analysis was performed 
on 743 completed patients (369 ciprofloxacin- and 374 
clarithromycin-treated patients) with clinical and bacterio-
logical evidence of a bronchopulmonary infection. Clinical
success at the end of therapy was observed in 90.1% and
87.5% of efficacy-valid patients treated with ciprofloxacin
and clarithromycin, respectively (P 5 NS; 95% CI 5
22.4%, 7.6%). The overall bacterial eradication rates for
the efficacy-valid group at the end of therapy were 98.0%
for ciprofloxacin recipients and 93.2% for clarithromycin
recipients.

Owing to their broad spectrum of activity and excellent
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efficacy against Gram-negative pathogens, the quinolones,
especially ciprofloxacin and ofloxacin, constitute appro-
priate selections for AECB. Although ciprofloxacin has
demonstrated antipneumococcal activity comparable to
that of ‘gold standard’ comparators,35 newer quinolones,
recently introduced, have increased activity against 
S. pneumoniae.24 This increases their utility for community-
acquired pneumonia where S. pneumoniae is the most com-
mon pathogen. In the setting of AECB, the prevalence of 
S. pneumoniae is declining in proportion. Specifically, in
patients with moderate to severe COPD, Gram-negative
pathogens are predominant. In this population, the advan-
tage of the newer quinolones’ additional activity against 
S. pneumoniae is counteracted by their decreased activity
against Gram-negative bacteria, especially P. aeruginosa.
On balance, in patients with moderate to severe COPD, the
newer quinolones offer little additional utility when com-
pared with ciprofloxacin 750 mg po bd. The quinolones are
well tolerated, with a mean adverse event rate of approxi-
mately 4%.22 These adverse effects, which are generally
mild and transient, include rash, dizziness, headache, GI
disturbance and minor haemoatological abnormalities.44

The quinolones have been associated with several drug
interactions. When administered concomitantly, these
agents may lead to an increase in the concentration of 
theophylline, warfarin and caffeine.45 Since certain multi-
valent-cation-containing medications may chelate, and
thus reduce, quinolone absorption from the GI tract, doses
of antacids, iron or sucralfate should be given at least 2 h 
on either side of administration of a quinolone.
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